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ABSTRACT 

Studies Of ovev 100 chess players at varying skill 
levels and rges show the ways in which experts and nonexperts differ 
in problem-solving strategies. Important differences are found at all 
stages of problem solving. The most significant differences appear to 
be before and after the evaluation of alternatives ("sizing up" the 
problem, generating alternatives, and evaluatinq outcomes). Insight 
into how expertise develops and how it can be fostered can be gained 
by following the development of young players with high potential. 
Discussion focuses on expertise, stages of problem solving, 
identification of experts and potential experts, and training. 
(RH) 
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ixJ studies o-f over 100 ches<=^ players at varyinc; «;kil! lc?vf?]s at.d aq^^s 

show hnw experts and noneKp€>rts differ in pioblem '-solvinq r atoc) i es. 
Important differences are found at all stages of problem salvir^g, but 
the most significant differences appear to be before and after the 
evaluation of alternatives ('^sizing up" the problem, generating 
al terncit i ves , ^nd evaluating outcomes). In addition, following the 
development of young players with high ootential gives insight into 
how expertise develops and how it can be fostered. 
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FXPFRTI5E 

A cample< society needs experts, but very little is known about how 
expertise develops. My colleagues (Terry Morgan t^nd David Morgan) and 
I are studying the development of chess expertise CI 3. We have 
collected data from over one hundred chess players, some are experts, 
same e.re competent pi aver r,, some are beginners, and some have the 
potential to become experts. Experts are characterized by their vast 
knowiedqe and by their fp.st, accurate, and intuitive judgments. One 
biq question for psychologists is how to reconcile the two: If one 
has vast knowlrdqe, wouldn't it tc*ke a long time to search through it 
tn find the best solution to a difficult problem? Non-experts do need 
a lot of time to weigh all the data, but e>'perts can give an intuitive 
anf;wer thc^l. "feels" right. The e^;pert medica' diagnostician, for 
example, has educated guesses which he then carefully nvaluates. He 
is able, before exhaustive search, to identify good possible 
solutions. The non-expert has to attempt the exhaustive search first. 
The non^-expert rarely finishes the search; instead he will stop when a 
satisfactory solution is found. The e);pert typically identifies a 
small set of good al ternr^t i ves , then chooses the" be^st- Tf^e non- expert 
ha"^ to sparch harder to find the alternatives and he may miss some of 
the better ones. Experts mal^e bettf^r decisions in less:, time. 
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Chess is an ideal way to study decision-making and problem sol vine 
because it is a closed system with clearly defined rules. UnliJe 
decisions in the real world, there are not a lot of extraneois 
^- ' variables that may ^siffect the outcome of a decision. Because of the 

' extreme complexity of rhess, it pushes human information processors to 
' ' their limits. By studying how expertise develops in chess, we can 
^ ^ learn a great deal about expertise in general. Anothe'' advantage o*- 
chess as an object of study is the existence of an accurate skill 
nie^^surement system. The El o system, derived from probability theory, 

used to rate all nlayers in U.S. Chess Federation tournaments. Our 
sample of plav?rs' ratings range from HOC (about 2 standard 
deviations below thf m an) to master level ^above 27^0, *=*bout 3«"5 
standard deviations ^e the mean). Tournament*'^ , of 'rocirse, lend to 
attract fairly serious play*?r£i, so an 1 1 CO Ipvel plav.t^r .-:an heat mn^-.1 

"PERMISSION TO REP'^^ODUCE THIS 

MATERIAL HAS BEEN GRANUD BY ~ ~ 
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casual , rujn-tonrr^AfrjHn t pl^^vor 

Much o-F thi? chess re*>earch (ser^ Hc^lding LTI^ hw^n fcTC(>'^inc! or mencry; 
our interests Tnrt\-i;» on the^ u^d^r i tasuc*** ul liuw t ih:,^^ >-,,pRr Li^t: 
develops- First we will describe in qeneral terms the prob! em-so! v. nq 
pracf>ss« Then we will di^scuss the players and how their e^por t i se 
miqht have developed. 



STAGE 1: S^jji^f^ uP THE PROBLEM 

When -faced with a problem, the -first step is to analyse the problem jn 
a preliminary and impressionistic way: "^izinq up" the problem. The 
manner in which this is done will influence the types oi -^.olutioris 
considered. This analysis involves lool-inq -for wa/s to characterjre 
the problem. Is it LIKE otho'-s'^ Rarely will it be identical to 
previi^u'S problems, so the notion of SIMILARITY is crucial. A problem 
solver wh J sees similarities where others don't will have more options 
-for a solution. The level of similarity (e.q., abstract or 
superficial) will influence the range of choices. 

Let's look at this stage for a chess player. Say our pl.ayer is 
examininq the board for at good move. The first step-'the preliminary 
analysis — will be at several levels si mul tane jusl y . The player will 
no doubt see a variety of ways in which the current situation is 
similar to others he has been in or games he has read. The pawn 
structure may be similar, the overall attac^ strategy may be similar, 
the type of opening played may be similar, the possible next move may 
De similar, the sacrifice to qain position, etc- These similarities 
"pop" out at the expert; the lesser player must search for them. The 
lesser player sees them as separate facts; the expert sees a PATTERN. 
This is one of the keys of the expert — the ability to see complex 
relations as wholes or gestalt^. The expert can see the biq picture. 
The l:ey words art SIMILARITY and PATTERN. From these will come a 
qlobal strateqy for approaching the problem. The results of this 
stage will guide the rest of the proc'ef5s. 

A more thorough analysis may or may not follow th^.- preliminary 
analysi<:>. This will be more analytic in n^ture. If the problem is 
similar to familiar ones, the person may have identified what 
cognitivp psychologists call a "schema." This is an abstract 
representation of the typical events, scene<= , etc- th^t are a^^sociated 
with the problem type. F r example, we all have a schema about qoinq 
to the dentist. It lacks detail and every dentist experience is 
somewhat different, but the coqnitive reprc^r'^ntat x on it; a fairly 
stable bundle of knowledge, expectations, beliefs, etc. In problem 
solving, we can tall: aboi.it a problem "<5rhema. " After the preliminary 
analysis, the person may have several schemata that represent po-^jOible 
ways to thinJ- about thL> problem. 

We've found that less developed plays slip this second ar..:^lysis. 
These non-experts typically qo from the preliminary, holistic analysis 
directly to the generation stage (discussed below), resulting in 



overlooLtnq crucial i r f or inat i on. Thin 'uqcit^^^.f a -.c? t i ^ f i r i r.n I mi of 
st r alegy- — i -f the move tha^ jump^ cut c^t Ui*^ p^.-^yor if, all rirjf^t, hc^ 
won't- boiheT tn loo\ -furthpr. Tn chp?^«3, prDhobW ovnn n-fl'cn Ihcin 

in life, «\at i ^-f i r i nq lt?odr> tn defec^t. 



nTAHE 71: RENFRATING Al.TITRNATT VFH 

After a more thorough analysis of the prob.lem, ^he nny.t ^,\^ cp is to 
generate alternatives. This ir> ^ rrpative prnres^ that cafinot D€-> 
described with decisior t''ef?s or utility ^Tiatrices since thes^ 
typically operate on s^pecified alternatives. Very little^ is ^ nawn 
about this stage of problem solvin-;!. We do I new, in checc3, that 
experts typicrally generate only a ff?w alternatives. Dut they are also 
the BEST alternatives. Less~than-e>;pert players typically generate 
the same number, c^nd often more, al ternat i ^'^s. Many of tbe?»e 
alternatives, however, are weaker than thcpse generated by the e><pert. 

The expert has good alternatives "pop" irto his head while the lesser- 
player may have to systematically c^earch the board for moves. The 
expert'*^ "popping" phenomenon is analogous to what we all experience 
when we scan a list of names. Because of our extreme familiarity with 
our own name or those of our friends, they "pop" out. The expert 
playe*^ has a vast store of l-nowledge that can be easily accessed In a 
variety of ways. That is, the expert has acquired a vast number of 
interrelated schemata. The less experienced player may hav'e a lot of 
fa('ts, but he may not be able to retrieve that information. The 
similarity judgments select thr relevant schemat.5 which ^rn rich 
source*?; of de^nsely related information. The ^umilarity j Lodgment are 
JIIDGMFNT!^ and not thf? result of rational d^ri^inn rule<5. ^imilarity^ 
judgments may involve a high level of abstract rpasoninq, or the/ may 
be barbed or; vprv cnncrete si mi 1 ari t ; €?s. 



HTARF 3: E^'ALUATING ALTERNATIVES 

Next, the prnbl pm-sol ver must evaluate the a1 ter nat i .''es. T^u s stage 
has bef:?n studied, and it is possible to dt?scribe rational procpsnes 
for choosing among alternatives. If the problem solver rejects all 
the alternatives, he must go bac*. to thr previous ^^tcigo and g€^nerato 
more (or, possibly return to the analysis stage and reanalyze the 
probl em> . 

Chess players evaluate alternati ve?s t')y " ca 1 C( 1 1 a t i on " The pjayc?r 
figures thf? tree of moves that could result from each his candidate 
moves. Dj»pendinq on his skill at this task, the calculation may go 
several to eight or ten moves ahead- This stage reguires serious 
concentration and memory abilities. The expert can do it in his head 
with visual imagery. A lesser playf^r (in a non-tournament situation) 
may want to actually movt^ the pieces on the board. The expert often 
can bypass some of the calculation by identifying or labeling a series 
of moves as a c*tandard series with which he is familiar. A player who 
knows many thousand "bock moves" will have? an advantage. Thr expert 
has a tremendou^^ advi-jntaqtr ov<^r tf\e 1 e<%spr-pl ayer at this stage 
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bpraus6* tF,P> pr©viat ^.f^-^r.e r^sulhisd in f^ood ti^r nat i vp*:, . It's OAStnr 
to be SLiccess-ful if all your al te^r nat i vgs arc? qond * In fact, in speed 
chess games, where each player is piloted two or three minutes for all 

his moves c it is very difficult to ui^tinQuI'^h rS ^^htf^^^s ffidi^Dli*?r ' '»pi:»??d 

game from his regular long game, Thent i^i, thei play is r^lmost as 
high quality whether the game toof- +'wl3 minutes or night hours' The 
time savings comes by eliminating the secor d step in the ar.alysi^n 
stage and most of evaluation strigo. 

We ' ve observed adul ts and ch i 1 dren pi ayi ng spe^^d q^^mes and f i nd that 
children seem to have an advantage under such conditions. Children , 
in their normal play, tend to minimi^ire the second step in the analysis 
stagp* and most of the evaluation stage. The cognitive skills required 
to operate within those stages well are typically not well developed 
until Piaget's forrr^al operations stage- We believe that players who 
learn the game during childhood will maintain strength in the first 
step of the analysis stage — sizing up the problem — while drvel oping 
deeper or more Jibr>tract bases for judgments of similarity. Durinq a 
player's development (chess and general development), he will 
naturally strengthen the other stages. Players whn learn rhess after 
childhood probably will remain weak in the siring up stagp unless 
expJicit training is received, Krogius IZl reports that t;r andmaster s 
who learned chess before their tenth birthday made fewf?r blunders in 
tournament play. He attributes this tn the fact that chess is for the 
early Ir^^arners a "native language.'* We believe this native language 
amounts to strong intuitive similarity judgments. Just as we can 
judr:e qrammaticali ty by whether or not "it sounds right," players who 
have developed stage one early in life can sense ways in which game 
situations are si mi liar. 

Children may also rely more heavily on heuristics and short cuts than 
do adults. These heuristics are ways of simplifying complex inputs. 
Children must constantly simplify input because their scheimata are 
less well developed. Pushing these schemata to their limits and 
subjecting them to tj-vc»'' uat i on may speed up the process o^ developing 
more elaborate schemata. In Piagetian terms, assimilation and 
<accomodat i on occur cyclically as schemata evolve. The rapid testing 
and retesting of schemata may accelerate development. 



STAGE 4: EVALUATING THE OUTCGME 

Evaluating the outcome of his solution will increase the leve? of 
expertise. This stage has been studied, although less than the 
evaluation of alternatives staqe. Einhorn and Hoqarth r41, for 
e^<ample, discuss the reason why humans have undeservedly high 
estimates of their own judqment abilitie^^.. Part of the reason is that 
we only evaluate the outcome of the chosf??n alternative. We do not ask 
whether any of the rejected alternatives might have been better*. We 
propose, based on our chess research, that those people who become 
experts are better at objectively evaluating their decisions. But 
more importantly, they often replay games using r*^jpcted moves. This 
gives, them information on "false negatives" — those alternatives that 
were falsely classified as no good. Experts and potential experts 
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want to know, even when t:hpy arf? ^uccpss^l 1 , if thtprt^ wci=; ^ hetler 
alternative ave^ilablr to thenu Nnn-e;:f f^rts , .^-ftpr a q^nie, roll up 
their hoard and go home?. 

Einhorn and Hoqarth also stre«?>s the i mpor t ^nre'^ nf recoivinq -fpc^dbar^ 
on the process o-f a dpcic.ion w€?l 1 as on thp outc ome? oi a decision. 
F>.'per?-<s and potential experts evaluate their c->trat€?qy as well as tho 
outcomes of particular moves. They also evaluate ^h^-'>ir computation 
and other details^ of their decision makinq processc^s* This multi- 
level feedback, and ©valuation is necessary for improvement. F;jperts 
and potential experts are ofter'i consumed with the need far self^ 
evaluation and feedback. W© believe this is a l-ey to thpir success-. 



WHO ARF THE EXPERTS AND THE POTENTIAL EXPERTS'^ 

Our potential experts are all active, popular children. All six of 
our youngest, most precocious players (ranted in the top ten in the 
country for their age) have other interests outside of chess ranging 
from soccer and basketball to music, poetry, and art. They are all 
intfjlligent and good students. All six can be characterized as well 
adji^sted. They all come from well educated, upper middle class 
parents (no single parents) and all are male. We suspect that the 
environment for upper middle class males is more conducive to hiqh 
levels of competition and achievement. Other environments can support 
this level (an inner city elementary school in Indianapolis won the 
national elementary school chess title several years ago), but males 
from upper middle class environments seem to have an advantage. 

All si;< ar€^ F»xtremely competitive and are driven to win. None oi them 
wants a superior player to "qo easy" on them. After losing to a 
superior player, they are more determiried to continue. This seems vo 
result from hiqh levels of self confidence. Any of these players can 
loff.e ten times in row to a superior player and l^eep qoinq. They 
don't see themselves as "little kidn" playing against adults- Bei nq 
seven years old does not count as an excuse when they lose to a 30 
year- old. When asked why they lost a game, they will usu<:j11v — 
accurately — blame themr^elves. 

These ch;^r act eri st i cs are evident in non--ches5 behaviors. One child, 
at age four, had ridden the Bil ley's mechanical bull of Urban Cowboy 
fame. He knew the correct posture: back straight, head up, and one 
hand in the air. He held that posture even though he was frightened 
and cryinq and would have liked to hold on with two hands. Parents of 
all these children tell si mi liar stories of early persi stt?nce. These 
children actively put themselves in highly stressful, highly 
competitive situations. They play in adult tournaments, even though 
they know they will lose most games. 

Much has been written about the personality of chess masters (e.g., 
see Fine, ffJl. Perhaps the most striking similarity is t^le intenr.e 
devotion to chess and the vast amounts of time devoted to the game. 
Many ej^pert players are also experts in other fields, most notably 
mathematics and the sciences. A few, li^e Bobby Fischer, excel only 
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in one domain, but most atp able to maintain ^,pvf-'ra] ^in^x'^N of 
inter«stp The pj<pe»rt find the» potential f?xppr-t ran be ch.^rac tnr i zed as 
highly i ntel 1 gent , pasc,iQnate in their inter6?st, and eac;Gr vo 
evaluate thwir own wur r . 



TRAINING 

From tc-^lking to chess coaches and reading ?3ome o-F the literature on 
Russian methods o-F chess training, we have -Found techniques that may 
have broader applications. Paradoxically, players are trained both to 
play -Faster and to play slower. Children tend to play -Fast without 
much calculation, so coaches work on having them t^ke niore time with 
moves. In our studies, we -found that longer analysis time was 
correlated with a dec^per level o-F analysis. Coaches al^^o stress speed 
training with children. In general, children approach the world in a 
whirlwind ■Fas^non, acguiring scr.emata rapidly (o-Ften inaccurately). 
Evidence -From chess coaching suggests that practice in speed chess 
keeps alive rapid schema acgui si t i on . With only a guick glance, the 
per«5pective has to be more o-F a gestalt. 

Children, like experts, rely heavily on ir>tuitivp judqment<3, Spfi^ed 
chesB i«3 widely used as a training method because it -Forces one to 
rely on intuitions and to operate at a global level. Playing -fast 
develops intuitions and a global perspective; playing slow develops 
the analytic thought processes and perspective. Experts need both. 

I-F speed training is vit^l -for developing expertise in chess, what 
implications does that have -For developing expertise in other domains? 
Perhaps MBA students, too, rather than being discouraged 'ram 
"shooting -From the hip" should be given practice in making gaicl< 
decisions. Like the young chess players, their moves may not be as 
high guality under speed conditions, but the process may iarce a 
rti-F-ferent, more global, perspective on the problern. Math teachers 
have long used spead drills -for math facts. Perhaps spe'3d drills used 
-For more complex problems could be use-Ful -For develnping expertise. 

Russian psychologists have -Found that grandmasters who learned chess 
very earl/ in li-Fe make -Fewer errors in games and are able to stay at 
their chess playing peak -For more years. This suggests, as does our 
research, that the child's natural inclination to operate at a "gut" 
level gives him an advantage in the preliminary analysis stage when 
-Faced with a complex' task. Un-f or t unatel y , without special t'^aining, 
most o-F us lc3arn to shorten, or even distrust, the preliminary stage 
in -Favor o-F the more analytic second stage o-F the analysis stage. A 
rich preliminary analysis s^age may sur-face later as high levels o-F 
expertise develop. But that may b» becomi ntj an expert thp hard wa/. 
Players who begin early in li-fe may be able to maintain both both 
types o-f anaysis, increasing the 1 i I el i hocid thr\t tht^y will bernmp 
'Experts. 

Players can develop early skills through playing pxpf?r j pr-^rn , but mo^-i 
players must soon attar>< ^h<-> body of chess Wnnwledir. As in all copies 
o-F expert i?^.e, a vast nufnber of fact^-. and theories must bo mastered. 
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Without this, expertise cannot df?velop. Tap playpr^ — ©ven those six 
years old — do their homework. As Chase and Simon C61 say, there is no 
shortcut to becoming a master. 

How likely one is to become an expert depends heavily on the 
environment. One needs to be exposed to players who are better. Many 
promising players do not became experts because they do not have 
access to role models or to other players. 

Looking at how players progress through the ratings shows that the 
path to expertise is rot a straight line. At the early stages, those 
with motivation and potential progress rapidly, but when the player 
approaches the mean, the curve reaches a snag. Coaches say that that 
is the point where study becomes essential. Among adults, there 
appear to be relatively few active tournament players with ratings in 
that "low average" range. They tend to drop back, or they pursue 
excellence and go up. This appears to be a crucial <and predictable) 
stage in the development of chess expertise. We suspsct that 
expertise in any domain has a similar hurdle. This hurdle may be 
characteristic of the fair-haired young man (or woman) who is rising 
fast, but hits a plateau. We see in our sample of chess players, that 
some lose interest, some get distraught, and a few buckle down and 
plunge ahead. Those who do plunge ahead need direct instruction, 
access to lots of information, peer stimulation, a role model or 
(rentor , a chance to try out new strategies, high self esteem, and a 
great deal of encouragement. Expertise is more than hctrd work. It 
takes a special kind of person and a specie^l kind of environment. 
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